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ABSTRACT: The effect of compression molding on the thermal transitions and crystal-
line properties of block-copolyetheresters with hard segments of poly(tetramethylene
2,6-naphthalenedicarboxylate) and soft segments of poly(tetramethylene oxide) were
investigated by differential scanning calorimetry (DSC), X-ray diffraction, thermal
stimulated current (TSC), and dynamic mechanical analysis (DMA). The X-ray diffrac-
tion patterns of compression molded samples of the block-copolymers were considerably
different from those of the corresponding samples with slow-cooling history. After
compression molding, the diffraction peaks were changed completely indicating a
different crystalline structure for the polyester segments, and the diffraction peaks
became sharper indicating a higher crystallinity. The DSC results also showed that the
melting point and crystallinity of the polyester segments were increased after compres-
sion molding. The glass transition temperatures of the polyether soft phase and poly-
ester hard phase also were determined by DSC, TSC, and DMA separately with
consistent data and were found to be dependent on the content of polyether segments
and the molecular weight of the poly(tetramethylene ether)glycol (PTMEG) used. A
g-transition was observed by TSC and DMA and seemed to be independent of the
composition and the thermal history. The glass transition temperatures of the poly-
ether soft phase and the polyester hard phase of the block-copolymers derived from
PTMEG 650 and PTMEG 1000 shifted to a lower temperature after compression
molding possibly because of the partial miscibility between the comprising segments in
these two series. The abrupt drop in log G9 in the temperature range of 210–15°C for
the block-copolymers derived from PTMEG 2000 was caused by the melting of the
polyether segments and indicated that the crystalline properties of the polyether
segments could affect their mechanical properties. © 1999 John Wiley & Sons, Inc. J Appl
Polym Sci 73: 1441–1449, 1999
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INTRODUCTION

The concept of the block-copolymer can be used to
design thermoplastic elastomers.1,2 A typical com-

mercial example is the block-copolyetheresters.1–8

The majority of studies have been made on the
block-copolyetheresters based on poly(tetramethyl-
eneterephthalate)orpoly(tetramethyleneisophthal-
ate) hard segments.1,2,8–16 However, the lower
melting point of poly(tetramethylene terephthalate)
or poly(tetramethylene isophthalate) limits the ul-
timate heat resistance for these block-copolyether-
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esters. There have been some reports about the
synthesis and properties of block-copolyetheresters
with hard segments of poly(alkylene 2,6-naphthal-
enedicarboxylate) and poly(alkylene 4,49-bibenzo-
ate), which show a higher melting point.5,7,17,18 In
addition to a higher melting point for higher heat
resistance, crystallization behavior should be con-
sidered, which may influence the mechanical prop-
erties and moldability.11,12,15,16 Poly(tetramethyl-
ene 2,6-naphthalenedicarboxylate) exhibits a
rather high melting point of 246°C and can crystal-
lize easily.19 Thus, here we use poly(tetramethylene
2,6-naphthalenedicarboxylate) to design block-co-
polyetheresters. Wolfe5,7 has described a series of
block-copolyetheresters of 50% of hard segments
with hard segments of poly(alkylene 2,6-naphthal-
enedicarboxylate) and soft segments of poly(tetra-
methylene oxide), but only a composition of poly(tet-
ramethylene 2,6-naphthalenedicarboxylate) has
been presented. However, little is known about the
effects of the sequence length of poly(tetramethyl-
ene ether) and the polymer composition on their
properties. In a previous article,20 the synthesis and
properties of a series of block-copolyetheresters
with hard segments of poly(tetramethylene 2,6-
naphthalenedicarboxylate) (N4) and soft segments
of poly(tetramethylene oxide) (PTMO) of various
sequence lengths were presented. These block-co-
polyetheresters have the general formula

where n is the degree of polymerization of the
poly(tetramethylene ether) glycol (PTMEG) used

in the synthesis and x is the molar fraction of the
PTMEG in the diol units.

A very interesting phenomenon was observed
that the X-ray diffraction patterns of compression
molded specimens of the block-copolymers were
considerably different from those of the corre-
sponding samples with a slow-cooling history. In
this article, the effect of compression molding on
the thermal transitions and crystalline properties
of block-copolyetheresters were studied by differ-
ential scanning calorimetry (DSC), X-ray diffrac-
tion, thermal stimulated current (TSC), and dy-
namic mechanical analysis (DMA).

EXPERIMENTAL

The block-copolyetheresters were prepared by
melt polycondensation of dimethyl 2,6-naphthal-
enedicarboxylate (DMN), 1,4-butanediol (BDO),
and a PTMEG with a molecular weight of 650,
1000, or 2000 in the presence of 0.1% of tetrabutyl
orthotitanate and 0.1% of lead acetate as the cat-
alysts as described previously.20 The block-copol-
ymers are denoted as N4Em( x), where N4 means
the poly(tetramethylene 2,6-naphthalenedicar-
boxylate) hard segment; E1, E2 and E3, which
represent the molecular weight of PTMEG used,
are 650, 1000, and 2000, respectively; and x is the
charge molar ratio of the PTMEG to DMN. The
charge composition, measured composition, and
hinh of the block-copolyetheresters are summa-
rized in Table I.

The block-copolyetheresters were compression
molded under a pressure of 20 Kgf/cm2 (or will be
specified in the text) at a temperature near the

Table I Charge Composition, Polymer Composition Measured by 1H-NMR and hinh of Block-
Copolyetheresters

Sample Mn of PTMEG
Charge

Compositiona
Polymer

Compositiona
hinh

(dL/g)

N4 — 1.0 : 1.8 : 0.0 1.00 : 1.01 : 0.00 0.56
N4E1(0.1) 650 1.0 : 1.8 : 0.1 1.00 : 0.90 : 0.11 0.76
N4E1(0.2) 650 1.0 : 1.8 : 0.2 1.00 : 0.80 : 0.21 0.92
N4E1(0.3) 650 1.0 : 1.8 : 0.3 1.00 : 0.71 : 0.29 1.17
N4E2(0.1) 1000 1.0 : 1.8 : 0.1 1.00 : 0.89 : 0.12 1.01
N4E2(0.2) 1000 1.0 : 1.8 : 0.2 1.00 : 0.80 : 0.21 0.88
N4E2(0.3) 1000 1.0 : 1.8 : 0.3 1.00 : 0.72 : 0.30 1.04
N4E3(0.1) 2000 1.0 : 1.8 : 0.1 1.00 : 0.91 : 0.12 0.87
N4E3(0.2) 2000 1.0 : 1.8 : 0.2 1.00 : 0.81 : 0.21 1.04
N4E3(0.3) 2000 1.0 : 1.8 : 0.3 1.00 : 0.72 : 0.31 1.16

a Dimethyl 2,6-naphthalenedicarboxylate : BDO : PTMEG.
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melting point of the polyester segments deter-
mined by DSC (see Table II, slowly cooled sam-
ples); the holding time was 10 min and the cooling
rate was 20°C/min. The thermal properties of
compression molded and slowly cooled samples
were determined by a Du Pont 910 DSC at a
heating rate of 20°C/min under nitrogen. The X-
ray diffraction patterns of compression molded and
slowly cooled samples were recorded on a Shimadzu
XD-5 X-Ray diffractometer using Cu Ka radiation.
The TSC curves from 2120 to 120°C of compression
molded and slowly cooled samples polarized at 250
V/mm and 100°C were determined by a Solomat
TSC/RMA 91000 at a heating of 7°C/min. The dy-
namic mechanical properties of the compression
molded samples were measured by a Rheometric
RDS II at 1 Hz at a heating rate of 5°C/min.

RESULTS AND DISCUSSION

DSC

The effect of composition on the thermal transi-
tions and X-ray diffraction patterns of slowly
cooled samples (20°C/min cooling rate) was pre-
sented elsewhere.20 Table II summarizes the

thermal transitions including the glass transition
temperature of polyether soft segments (TgS),
the melting temperature of the polyether soft seg-
ments (TmS) and DHmS, the glass transition
temperature of polyester hard segments (TgH),
the melting temperature of the polyester hard
segments (TmH), and DHmH of slowly cooled
samples measured by DSC. The DSC heating
curves of compression molded samples are shown
in Figures 1 and 2. In the temperature range of
2100–40°C, the DSC heating curves of compres-
sion molded N4E1( x) and N4E2( x) samples, de-
noted as N4E1( x)Cs and N4E2( x)Cs, exhibit a
step inflection, and those of compression molded
N4E3( x) samples, denoted as N4E3( x)Cs, exhibit
a step inflection and an endotherm as shown in
Figures 1 and 2. The midpoint of the step inflec-
tion is taken as the glass transition temperature
of the polyether soft segment TgS, and the peak
temperature of the endotherm is taken at the
melting temperature of the polyether soft seg-
ments TmS. The values of TgS, TmS, and DHmS
are listed in Table II. In the temperature range of
50–260°C, the DSC heating curves of the com-
pression molded block-copolyetheresters show a
step inflection and endothermic peak(s) caused by

Table II Thermal Transitions of Slowly Cooled Samples and Compression Molded Samplesa

Determined by DSC

Sample
TgS
(°C)

TmS
(°C)

DHmS
(J/g)

TgH
(°C)

TmH
(°C)

DHmH
(J/g)

N4 — — — — 244 32.1
N4C — — — 70 246 47.4
N4E1(0.1) 28 — — — 230 36.4
N4E1(0.1)C 238 — — 49 235 54.2
N4E1(0.2) 232 — — 57 209 19.9
N4E1(0.2)C 238 — — 50 216 40.6
N4E1(0.3) 237 — — — 187 4.45
N4E1(0.3)C 242 — — 50 205 29.6
N4E2(0.1) 246 — — — 229 26.5
N4E2(0.1)C 250 — — 55 230 47.1
N4E2(0.2) 253 — — — 206 12.3
N4E2(0.2)C 256 — — 54 212 33.7
N4E2(0.3) 257 — — 62 186 10.5
N4E2(0.3)C 258 — — 54 197 24.7
N4E3(0.1) 267 16 9.85 — 234 13.3
N4E3(0.1)C 266 12 12.1 59 235 34.8
N4E3(0.2) 267 13 17.6 — 220 8.12
N4E3(0.2)C 265 13 17.4 57 225 24.0
N4E3(0.3) 268 14 21.3 — 169 7.74
N4E3(0.3)C 265 17 25.1 57 179 14.7

a Indicated by “C” after the original notation.
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the melting of the polyester hard segments. The
midpoint of the step inflection is taken as the glass
transition temperature of the polyester hard seg-
ments TgH, and the peak temperature of the higher
temperature peak is taken as TmH. The TgH, TmH,
and DHm data also are tabulated in Table I. The
trend of the effect of composition on the thermal
transitions of the compression molded samples is
similar to those of slowly cooled samples.

It could be seen that the melting transition was
affected significantly by compression molding.
The N4C, compression molded poly(tetramethyl-
ene 2,6-naphthalenedicarboxylate), exhibited a
Tm of 246°C, which is slightly higher than that of
slowly cooled N4, and a DHm of 47.4 J/g, which is
significantly greater than that of slowly cooled
N4. Clearly, compression molding under our con-
ditions increased the crystallinity of N4. For all
block-copolyetheresters, the TmH was raised to a
higher temperature, and the DHmH was in-
creased significantly after compression molding.
The increase in the crystallinity of the polyester
hard segments was even more obvious for the
block-copolyetheresters, especially those with
higher x. As shown in Figures 1 and 2, the melt-
ing transition portion in DSC heating curves of

the compression molded samples of the block-co-
polyetheresters with higher x-values seems to be
an overlapped profile of a lower-temperature
broad endotherm and a higher-temperature
sharper endotherm, rather than a broad endo-
therm for slowly cooled samples. The effect of
compression molding on the crystalline properties
of the polyester hard segments will be discussed
later in combination with X-ray diffraction data.

The effect of compression molding on TgS and
TgH is complex. The TgH of most slowly cooled
samples could not be determined by DSC; how-
ever, the TgH of the compression molded samples
can be seen concisely from their DSC heating
curves. The reason for this phenomenon is not
clear. The TgS values of N4E3( x)Cs determined
by DSC are almost the same as those of the cor-
responding slowly cooled sample and are around
268°C and independent of x. As described previ-
ously,20 the amorphous parts of the polyether seg-
ments in this N4E3( x) series of block-copoly-
etheresters would be immiscible with the amor-
phous parts of the polyester segments; thus

Figure 2 The DSC heating curves of N4E2( x)Cs and
N4E3( x)Cs.

Figure 1 The DSC heating curves of N4Cs and
N4E1( x)Cs.
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compression molding did not affect the TgS. How-
ever, compression seemed to depress the TgS and
TgH for N4E1( x) and N4E2( x) series of block-
copolyetheresters as shown in Table I. One possi-
ble reason is that the amorphous parts of the
polyether segments in these two series might be
miscible partially with the amorphous parts of
the polyester segments.20 Because compression
molding increased the crystallinity of the polyes-
ter segments, the content of amorphous polyester
parts decreased accordingly. This effect decreased
the content of polyester segments in the amor-
phous polyether phase and lowered the TgS.

X-Ray Diffraction

As described previously,20 slowly cooled N4 sam-
ple showed two sharp diffraction peaks at 2u
5 15.3 and 24.1° and two smaller diffraction
peaks at 2u 5 19.8 and 28.6° and the diffraction
patterns of the slowly cooled block-copolyether-
ester samples were similar to N4 especially in
peak positions but the intensities were composi-
tion dependent. As x increased, the diffraction
peak became broader or even disappeared indi-
cating decreasing of the crystallinity as expected.
The X-ray diffraction patterns of some compres-
sion molded samples N4C and N4E1( x)Cs are
shown in Figure 3. Clearly, the X-ray diffraction
patterns of the block-copolyetheresters were
changed considerably after compression molding.

The N4C exhibited four additional small dif-
fraction peaks at 2u 5 12.6, 16.7, 22.1, and 25.7°
and the original peaks of the slowly cooled sample
almost remained unchanged. Thus the crystallin-
ity of N4 was increased after compression mold-
ing. This is consistent with the DSC result. The
compression molded block-copolyetherester sam-
ples exhibited completely different X-ray diffrac-
tion patterns from the slow-cooled samples. Three
sharp peaks at 2u 5 12.7, 16.8, and 25.8°, and a
broader peak at 2u 5 23.1° were observed. The
diffraction peaks were sharper for compression
molded samples than the corresponding slowly
cooled ones irrespective of their positions. Be-
cause the polyether segments are amorphous at
room temperature, the diffraction peaks of the
block-copolyetheresters are attributed to the poly-
ester segments. Thus, compression molding in-
creased the crystallinity of the polyester seg-
ments. As x increased, the amorphous scattering
increased and some diffraction peaks became
broader because of the decrease in the sequence
length of the polyester segments which was more

obvious for N4E3( x)C series than for N4E2( x)C
and N4E1(x)C series because of the higher content
(in weight) of the polyether segment of the former.

The change in X-ray diffraction patterns after
compression molding would be caused by the ef-
fect of pressure during compression molding. Fig-
ure 4 depicts the effect of compression molding
pressure on the X-ray diffraction patterns of
N4E2(0.1) samples. The X-ray diffraction pattern
of the slowly cooled N4E2(0.1) sample is similar to
that of slowly cooled N4 sample. A compression
molding pressure of 1 Kgf/cm2 (0.098 MPa)
changed the diffraction patterns considerably as
shown in Figure 4. After compression molding at
various pressures, three major diffraction peaks
at 2u 5 12.7, 16.8, and 25.8° and one broader peak
at 2u 5 23.1° appeared. The original diffraction
peaks at 2u 5 15.4, 20.0, 24.1, and 28.5° were
depressed or even disappeared. For example, as
the pressure increased, the diffraction peak at 2u
5 15.4° was weakened and disappeared at a com-
pression pressure of 20 Kgf/cm2 as shown in Fig-
ure 4. In other words, the pressure during com-

Figure 3 X-ray diffraction patterns of N4Cs and
N4E1( x)Cs.
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pression favored the formation of new diffraction
peaks. This might be caused by the repacking of
polyester segments in crystalline structure. Un-
der the compression molding condition, the pres-
sure forced the polyester segments to pack in a
denser state and hence a denser crystalline struc-
ture, which resulted in different X-ray diffraction
peaks. If the compression molded samples are
remelted and sheared to relax the denser state
and slowly cooled, this thermal history will be
similar to the slowly cooled samples. In fact, the
so remelted treated N4E2(0.1) sample exhibited a
diffraction pattern similar to that of the slowly
cooled N4E2(0.1) as shown in Figure 4. This con-
firms the effect of compression molding on the
change of the diffraction patterns. In sample
N4C, only a small portion of molecule chains was
packed in the denser crystalline structure as
shown in Figure 3. This might be caused by the
kinetic effect. The N4 had a high molecular
weight (hinh 5 0.56 dL/g), and it was difficult for
most molecule chains to pack in the dense state

under pressure. In fact, a low molecular weight
poly(tetramethylene 2,6-naphthalenedicarboxy-
late) with an hinh of 0.13 dL/g after compression
molding exhibited a diffraction pattern similar to
those of the compression molded block-copoly-
etherester samples such as N4E2(0.1)C rather
than those N4C. Because the sequence length of
the polyester segments in the block-copolyether-
esters is significantly shorter than N4 and flexible
polyether segments were present the polyester
segments could adopt well in a denser form. Thus
a different crystalline structure resulted.

TSC

The TSC curves of slowly cooled and compression
molded samples were measured. In a TSC mea-
surement, the sample is polarized by an electric
field at a given temperature above the Tg and the
permanent dipoles are oriented. Then the sample
is cooled under the electric field, which renders
that the sample remained polarized, to a lower
temperature. Then the sample is heated, and the
depolarization current caused by the relaxation of
the molecules is monitored. Any thermal transi-
tion associated with molecular motion can cause a
depolarization current peak.21 The TSC curves of
N4E2(0.1)C, N4E2(0.3)C, and N4E3(0.2)C are
shown in Figure 5. The N4 exhibited a small
current peak at 2105°C corresponding to a
g-transition and a large current peak at 73°C
corresponding to the glass transition. Within the
temperature range of 2120–0°C, PTMEG 2000
exhibited a current peak at 276°C corresponding
to the glass transition temperature of the poly-

Figure 5 TSC curves of N4E2(0.1)C, N4E2(0.3)C,
and N4E3(0.2)C.

Figure 4 X-ray diffraction patterns of slowly cooled
N4E2(0.1), compression molded N4E2(0.1) at various
pressures, and remelted treated N4E2(0.1).
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ether glycol. It can be seen that N4E2(0.1)C ex-
hibited three current peaks at 2105, 254, and
45°C, respectively. The current peak at 2105°C
corresponded to a g-transition. This g-transition
has been ascribed to be caused by the local chain
motion for some block-copolyetheresters.13 Be-
cause PTMEG 2000 showed no such transition
but N4 did, the g-transition of N4E2(0.1)C and
other block-copolyetherester samples corre-
sponded to the local chain motion of the polyester
segments. Comparing with the DSC data, the cur-
rent peak at 254°C corresponded to TgS and that
at 45°C corresponded to TgH. The N4E3(0.2)C
exhibited three current peaks at 2108, 269, and
13°C. No doubt, the current peak at 2108°C cor-
responded to a g-transition and that at 269°C
corresponded to TgS. Comparing with the DSC
data, the current peak at 13°C seemed to be as-
sociated with TmS rather than TgH. The TgH
could not be detected by TSC for the N4E3( x)
samples possibly because of the presence of the
TmS. The relaxation of the oriented dipoles dur-
ing melting of the polyether segments might be
enormous and the charging effect21 might be sig-
nificant; these effects might interfere with the
TgH peak to be detected. A similar situation also

was met for N4E2(0.3)C, which exhibited a TmS
of 15°C and whose TgH peak seemed to be over-
lapped by the TmS peak as shown in Figure 5.
The transition temperatures of the slowly cooled
and compression molded samples determined by
TSC are tabulated in Table III.

As shown in Table III, all the samples exhib-
ited a similar g-transition at about 2105°C inde-
pendent of the composition and the thermal his-
tory (slowly cooled or compression molded). The
N4 sample and N4C exhibit a similar TgH indi-
cating that compression molding has little influ-
ence on TgH of N4. The TgS values of slowly
cooled N4E3( x) samples and N4E3( x)Cs were
around 270°C and independent of the composi-
tion and the thermal history. Because the amor-
phous parts of the polyether segments in this
N4E3( x) series of block-copolyetheresters would
be immiscible with the amorphous parts of the
polyester segments, compression molding did not
affect the TgS. This is consistent with the DSC
data. However, compression seemed to depress
the TgS and TgH for N4E1( x) and N4E2( x) series
of block-copolyetheresters as shown in Table II.
The decrease in TgS after compression molding
for N4E1(0.1) and N4E2(0.1) was markedly
greater than others. Figure 6 compares the depo-
larization profiles of slowly cooled N4E1(0.1) and
N4E1(0.1)C. Because the depolarization current
in TSC measurement is caused by the relaxation
of the oriented dipoles associated with the molec-
ular motion, a significant increase in the depolar-
ization current may indicate the onset of the mo-
lecular motion corresponding to a thermal transi-
tion of interest. It can be seen from Figure 6 that

Table III Thermal Transitions of Slowly
Cooled Samples and Compression Molded
Samplesa Determined by TSC

Sample
Tg

(°C)
TgS
(°C)

TmS
(°C)

TgH
(°C)

N4 2105 — — 71
N4C 2105 — — 73
N4E1(0.1) 2105 3 — 65
N4E1(0.1)C 2104 217 — 52
N4E1(0.2) 2105 227 — 52
N4E1(0.2)C 2104 238 — 43
N4E1(0.3) 2105 234 — 47
N4E1(0.3)C 2104 239 — 40
N4E2(0.1) 2108 232 — 54
N4E2(0.1)C 2105 254 — 45
N4E2(0.2) 2105 253 — 34
N4E2(0.2)C 2105 255 — 34
N4E2(0.3) 2110 257 — 38
N4E2(0.3)C 2105 260 13 —
N4E3(0.1) 2105 272 16 —
N4E3(0.1)C 2105 269 22 —
N4E3(0.2) 2110 270 18 —
N4E3(0.2)C 2105 269 15 —
N4E3(0.3) 2110 270 17 —
N4E3(0.3)C 2105 269 11 —

a Indicated by “C” after the original notation.

Figure 6 TSC curves of slowly cooled N4E1(0.1) sam-
ple and N4E1(0.1)C.
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TgS peak of slowly cooled N4E1(0.1) sample was
broader than N4E1(0.1)C, but the onset temper-
atures of molecular motion were similar. A
greater shift in peak temperature to a lower tem-
perature was found after compression molding for
N4E1(0.1). A decrease in the content of polyester
segments in the polyether soft phase may have
caused this result. As also shown in Figure 6, a
shift in peak temperature of TgH to a lower tem-
perature was observed. An increase of the content
of polyether segments in the amorphous polyester
hard phase may cause such a result. Because the
amorphous parts of the polyether segments in
N4E1( x)s and N4E2( x)s series might be partially
miscible with the amorphous parts of the polyes-
ter segments, a crystalline polyester phase and
two amorphous phases that contain a principle
type of segment with another minor type of seg-
ment might exist. The amorphous hard phase is
rich in polyester segments and the amorphous
soft phase is rich in polyether segments. Because
compression molding increased the crystallinity
of the polyester segments, the content of amor-
phous polyester parts decreased accordingly. This
effect decreased the content of polyester segments
in the amorphous soft phase and lowered the TgS.
Similarly, the content of polyester segments in
the amorphous hard phase decreased after com-
pression molding, the effect of the polyether seg-
ment is raised and TgH was lowered.

DMA

The dynamic mechanical properties of the com-
pression molded block-copolyetherester samples

were determined. Figure 7 shows the dynamic
mechanical curves of N4E1( x)Cs and Figure 8
shows the G9 versus temperature curves of
N4E2( x)Cs and N4E3( x)Cs. It can be seen from
the tan d versus temperature curves that all
block-copolyetheresters exhibited a major damp-
ing peak corresponding to the glass transition of
the polyether phase TgS. The TgS values are
listed in Table IV. The trend in TgS measured by
DMA is consistent with those determined by DSC
and TSC. The N4E1( x)Cs and N4E2( x)Cs exhib-
ited a small broad damping peak at about 296°C.
This g-transition peak was not affected by the
composition and attributed to the local chain mo-
tion of the polyester segments. This result also is
consistent with that of TSC. It should be noted

Figure 7 Tan d versus temperature curves and G9
versus temperature curves of N4E1( x)Cs. Figure 8 G9 versus temperature curves of

N4E2( x)Cs and N4E3( x)Cs.

Table IV Thermal Transitions of Compression
Molded Samples Determined by DMA

Sample
Tg

(°C)
TgS
(°C)

N4E1(0.1)C 296 10
N4E1(0.2)C 2103 223
N4E1(0.3)C 297 233
N4E2(0.1)C 296 229
N4E2(0.2)C 296 248
N4E2(0.3)C 291 248
N4E3(0.1)C — 263
N4E3(0.2)C — 263
N4E3(0.3)C — 263
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that the transition temperatures measured by
DMA were higher than those determined by DSC
and TSC because of the dynamic nature for DMA.
But no g-transition could be detected by DMA for
N4E3( x)Cs possibly because of the low weight
content of polyester segments in this series of
block-copolyetheresters.

It can be seen from Figures 7 and 8 that com-
position had significant influence on the G9 ver-
sus temperature relationships of the block-copoly-
etheresters. Below TgS, the real part of the dy-
namic modulus, log G9 decreased slowly as the
temperature was raised for N4E1( x)Cs and
N4E2( x)Cs. Then log G9 decreased drastically
with the increase of temperature around TgS.
Above TgS, log G9 decreased gradually with the
increase of temperature. The N4E3( x) seemed to
exhibit some different G9 versus temperature re-
lationships. In addition to a drastic drop in log G9
around TgS, in the temperature range of 210–
15°C, log G9 decreased drastically with tempera-
ture. This might be associated with the melting of
the polyether segments. The G9-value of the
block-copolyetheresters above 25°C decreased as
the content of the polyether segments increased,
as expected, as shown in Figures 7 and 8. The
abrupt drop in log G9 in the temperature range of
210–15°C for N4E3( x)Cs caused by the melting
of the polyether segments indicates that the crys-
talline properties of the polyether segments will
affect the mechanical properties of the block-co-
polyetheresters.

CONCLUSIONS

Compression molding had significant influence on
the thermal transitions and crystalline properties
of block-copolyetheresters. The crystallinity of the
polyester segments was enhanced significantly af-
ter compression as indicated by the DSC and X-
ray diffraction results. After compression mold-
ing, the diffraction peaks were changed com-
pletely indicating that the crystalline structure of
the polyester segments was changed to a denser
crystalline structure. The TgS and TgH of
N4E1( x)s and N4E2( x)s were depressed after
compression molding as indicated by the DSC and
TSC results. This is described as the compression
molding increasing the crystallinity of the polyes-
ter segments and thus decreasing the content of
polyester segments in the amorphous polyether
soft phase as well as in the amorphous polyester
phase. This decreased TgS and TgH. The DMA

results indicate the presence of a g-transition,
TgS, and the effect of composition on the modu-
lus-temperature relationships. The abrupt drop
in log G9 in the temperature range of 210–15°C for
N4E3(x)Cs caused by the melting of the polyether
segments suggests that the crystalline properties of
the polyether segments could affect the mechanical
properties of the block-copolyetheresters.

The authors thank Dr. S. Y. Wang and Dr. S. F. Liu for
the helpful discussions on some points of this manuscript.

REFERENCES

1. Legge, N. R.; Holder, G.; Schroeder, H. E., Eds.,
Thermoplastic Elastomers: A Comprehensive Re-
view; Hanser Publishers: New York, 1987.

2. Bhowmick, A. K.; Stephens, H. L., Eds.; Handbook
of Elastomers: New Developments and Technology;
Marcel Dekker: New York, 1988.

3. Shivers, J. C.; Chester, W. U.S. Pat. 3,023,192, 1962.
4. Witsiepe, W. K. U.S. Pat. 3,651,014, 1972.
5. Wolfe, J. R., Jr. U.S. Pat. 3,775,374, 1973.
6. Hoeschele, G. K. U.S. Pat. 3,801,547, 1974.
7. Wolfe, J. R., Jr. in Multiphase Polymers, ACS Ad-

vances in Chemistry Series 176; Cooper, S. L.; Es-
tes, G. M., Eds.; ACS: Washington, D.C., 1979; pp
129–151.

8. Schroeder, H.; Cella, R. J. in Encyclopedia of Poly-
mer Science and Engineering, Vol. 12, 2nd ed.,
Mark, H.; Bikales, N. M.; Overberger, C. G.;
Menges, G.; Kroschwits, J. I., Eds.; Wiley: New
York, 1988; pp 75–117.

9. Seymour, R. W.; Overton, J. R.; Corley, L. S. Mac-
romolecules 1975, 8, 331.

10. Boussias, C. M.; Peters, R. H.; Still, R. H. J Appl
Polym Sci 1980, 25, 855.

11. Zhu, L. L.; Wegner, G. Makromol Chem 1981, 182,
3625.

12. Briber, R. M.; Thomas, E. L. Polymer 1985, 26, 8.
13. Castles, J. L.; Vallance, M. A.; McKenna, J. M.; Coo-

per, S. L. J Polym Sci Polym Phys 1985, 23, 2119.
14. Stevenson, J. C.; Cooper, S. L. J Polym Sci Part B:

Polym Phys 1988, 26, 953.
15. Stevenson, J. C.; Cooper, S. L. Macromolecules

1988, 21, 1309.
16. Phillips, R. A.; McKenna, J. M.; Cooper, S. L. J

Polym Sci Part B: Polym Phys 1994, 32, 791.
17. Tsai, H. B.; Lee, C.; Chang, N. S. Polym J 1992, 24,

157.
18. Hsiue, N. T.; Ma, C. C. M.; Tsai, H. B. J Polym Sci

Part A: Polym Chem 1995, 33, 1153.
19. Duling, I. N.; Chester, W. U.S. Pat. 3,436,376, 1969.
20. Tsai, R. S.; Lee, Y. D. J Appl Polym Sci 1997, 66,

1411.
21. Ibar, J. P. Fundamentals of Thermal Stimulated

Current and Relaxation Map Analysis; SLP Press:
Newcaan, 1993.

THERMAL HISTORY AND PROPERTIES OF block-COPOLYETHERESTERS 1449


